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Statement of Societal Impact
The majority of laboratory studies examining bacterial responses to antimicrobial agents have been in typical laboratory nutrient-rich and short-exposure culture scenarios. How this translates to real-world environmental conditions where bacteria inhabit a nutrient-depleted environment and exposures tend to be long-term remains to be examined. This study applied a non-destructive spectrochemical analysis to examine this question. We demonstrate that exposure time is a major confounding factor in bacterial responses to antimicrobials, as has nutrient depletion. This study has major impact in understanding different bacterial responses to real-world exposures to antimicrobials. Given the emerging resistance of bacteria to such agents, this is of enormous significance. 
Spectrochemical determination of unique bacterial responses following long-term low-

48
In human and veterinary medicine there is abuse of antibiotics, especially for keeping animals 49 healthy at a sub-therapeutic level [2] [3] [4] [5] [6] [7] [8] [9] . The primary sink for such antibiotic usage is the 50 environment, e.g., waters and soils, via various pathways post-excretion 2, 3 4, 6 . Another group 51 of frequently-used antimicrobial agents is silver-associated entities. Notably, unlike silver ion 52 or salts whose antimicrobial effects are well-studied, the mechanisms of nanoparticulate 53 silver (AgNP) activity remain unclear. However, AgNP is widely exploited for its 54 antibacterial activity, in clothing, food containers, wound dressings, ointments, implant 55 coatings, and ultrafiltration membranes for water purification [10] [11] [12] [13] [14] . heterogeneous growth rates and behaviours amongst the cell populations 22, 23 . Amongst these, 66 a small proportion might differentiate into a highly protected phenotypic state and coexist 67 with neighbouring populations that are antibiotic sensitive, resulting from inherent strain 68 differences and adaptation to relatively low concentrations of exposure 16, 22, 23 . 16, 30, 31, 33, 34, 37, 38 . This technical combination provides a major advantage in terms
87
of being high-throughput, label-free and cost-effective in application 30 , allowing one to 88 interrogate biological samples via a nondestructive and nonintrusive manner, which has great 89 potential in monitoring real-world scenarios [30] [31] [32] 34 .
90
The current study applied attenuated total reflection FTIR (ATR-FTIR) microscopy 
Cell strains and sample preparation 98
The two bacterial strains used in this study were Mycobacterium vanbaalenii PYR-1 (Gram- AgNP (1 to 10 mg/L) 39, 40 and tetracycline (1 to >30 mg/L) 41, 42 , and therefore do not inhibit 110 bacterial growth. The samples of short-term exposure were taken after 2 h (late log-phase, T 0 )
111 and 48 h (T 1 ), respectively. To create a nutrient-depletion condition for long-term exposure,
112
the cells were cultivated in 10-times diluted minimal medium and the culture medium was 113 refreshed every 72 h. The samples were collected at 3 (T 2 ), 6 (T 3 ), 9 (T 4 ) and 12 (T 5 ) days.
114
The collected cells were then harvested by centrifugation at 4000 rcf for 5 min, washed three 115 times with sterile deionized water, and finally fixed with 70% ethanol to prevent further 116 exposure.
117
Spectrochemical analysis
118
The prepared samples (minimal amount > 5 µL) were then applied onto individual spectral measurements were taken randomly from each sample using the aid of the
125
ATR magnification-limited viewfinder camera. Prior to analysing each new specimen, the 126 crystal was cleaned using deionized water and a background reading was taken.
127
Multivariate analysis and statistics
128
All the initial data generated from ATR-FTIR spectroscopy were analysed using MATLAB 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 
Amide III -
Lipids and proteins
Ring base - between groups with increasing exposure time (from day 3 to day 12, Figure 3 ). Particularly,
217
the biochemical distances of tetracycline and binary groups are co-located, apparently 218 separated from the control group and markedly on day 12. However, the AgNP-treated 219 groups only show slight shifting of biochemical differences compared to the control group.
220
This result is consistent with cluster vectors analysis that the binary-exposure effects in M.
221
vanbaalenii are closer to tetracycline alone than AgNP. variance and attributed to differences in DNA, phospholipid-derived fatty acids and proteins.
301
The final split representing nutrient depletion separates the groups of 6-9 day and 0-3 day for
302
Gram-positive bacteria (M. vanbaalenii, 14.9%), owing to higher cellular activities reflected 303 by significant variations in DNA, phospholipid-derived fatty acids and proteins.
304
The MRT results are consistent with PCA-LDA score plots ( Figure 4 
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Comments:
In this study the authors applied a spectrochemical approach coupled with multivariate analysis to signature Gram-positive versus Gram-negative bacteria to characterize the underlying chemical alterations of these microorganisms in different growth phases post exposure with the antibiotic tetracycline with/without nanoparticulate silver. The manuscript covers an interesting subject that is translating real-world environmental bacteria conditions to laboratory or vice versa. This strategy can be used especially at nutrient-depleted conditions. For this reason, the impact of the presented work is very important for the development of antimicrobial strategies against pathogens.
There are some points that should be addressed to improve the manuscript. 1.
I would expect more detailed microbiological experiments, probably authors performed these experiments but did not present them. I would like to see the details of the microbiological experiments. How the antimicrobial concentrations were chosen, is unclear. I recommend to perform MIC experiments for each antimicrobial. Also, CFU numbers for each condition should be provided. Reply: Thank you for the comments; we have added more details of the experimental procedure for cultivation and exposure. Please see line 99-108. The antimicrobial concentrations were determined by their natural level reported by other's work [1] [2] [3] [4] . and our previous work of short-term exposure 5 .
The CFU numbers of each exposure was 1*10 7 cells/mL and the information is added in line 101. Also, we found such low exposure was about 2-4 orders of magnitude lower than the MIC in literature review, and we thus believe the low exposure does not inhibit bacterial growth in our study. We have added relevant discussion in line 103-108.
2.
Although the manuscript covers an interesting subject in a proper way, the authors claim that they developed spectrochemical tool based on ATR-FTIR spectroscopy. ATR-FTIR and chemometrics were exploited previously for bacteria characterization. Some of the previous works should be cited. Reply: Thank you for the comments; we have added more information and discussion addressing the use of ATR-FTIR and chemometrics in previous studies. Please see line 77-87.
3.
Results and discussion part might be extended definitely. Please cite more recent literature dealing with antimicrobials and/or silver salts (e.g., please see Gurbanov et al. J Biophotonics, 2017). I would expect more interesting discussion at molecular level other than microbiology textbook knowledge. Furthermore, the authors may consider to provide comparison between two different bacteria species with respect to their spectrochemical profile in the discussion part. Reply: Thank you for your comments; we have added more discussion according to the given reference and other relevant literatures. Please see line 342-348. We have also revised Table 1 and other discussions to address the comparison between two bacterial species. Please see line 193-196, 210-212, 320-336. 
4.
For spectral analyses part, the references for each analyzed bands should be given. More extensive spectral preprocessing should be performed. The presentation of band alterations is confusing and they should be discussed in a perceptible way (Table 1 is confusing) . Also, more details for ATR-FTIR and PCA-LDA experiment procedures are needed. Reply: Thank you for your comments; we have added more details and references about each analyzed band. Please see line 166-170, 176-179, 199-210, 231-238, 246-248, 258-265. We have also revised the caption of Table 1 for a better expression, which provides an overall summary of spectrochemical profile based on cluster vector results of treatments to compare the spectrochemical profile between Gram+/-ve. Please see line 193-196.
5.
I am confused with the following sentence "The identical spectral biomarkers in both Gram-positive (M. Vanbaalenii) and Gram-negative (P. fluorescens) bacteria are associated with Amide I, Amide III and proteins (~1204 cm The two bacterial strains used in this study were Mycobacterium vanbaalenii PYR-1 (Gram- 
Spectrochemical analysis
118
The prepared samples (minimal amount > 5 μL) were then applied onto Low-E slides and dried
119
for analysis by ATR-FTIR spectroscopy. A Bruker TENSOR 27 FTIR spectrometer (Bruker
120
Optics Ltd., UK) with a Helios ATR attachment containing a diamond internal reflection 121 element (IRE) was applied to acquire IR spectra. The data were attained at a resolution of 3.84 were taken randomly from each sample using the aid of the ATR magnification-limited 125 viewfinder camera. Prior to analysing each new specimen, the crystal was cleaned using 126 deionized water and a background reading was taken.
127
Multivariate analysis and statistics
128
All the initial data generated from ATR-FTIR spectroscopy were analysed using MATLAB 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 was trained via leave-one-out cross-validation and then calculated the scores of the rest sample.
141
This process was performed for all scores within the test. cluster, proportional to the discriminating extent of biochemical differences 31, 45 . Cluster 148 vectors plots were also applied to indicate the most prominent six significant peaks.
149
Multivariate regression trees (MRT) were used to analyse the influence of bacterial type,
150
exposure time and exposure category on biospectral alterations using the R package "mvpart". 
Results and discussion
159
Growth-dependent spectrochemical alterations
160
Throughout the study, a spectral class mean for the bacterial control group has been derived,
161
which generates an average spectrum based on all raw data from the same group. However, vectors analysis is applied to highlight the minor alterations derived from nutrient depletion
167
( Figure 1C and 1D) . The identical spectral biomarkers in both Gram-positive (M.
168
Vanbaalenii) and Gram-negative (P. fluorescens) bacteria are associated with Amide I,
169
Amide III (~1204 cm −1 , ~1647 cm −1 ) 30, 33 (Table 1) . The main changes appearing in M.
170
Vanbaalenii are Amide III, (~1204 cm −1 , ~1400 cm −1 ), C=N adenine (~1574 cm −1 ), Amide I (~1652 cm −1 ), and C=O band (~1725 cm −1 ) 33, 48 . Of these, the amino acid-associated 172 alterations possibly contributing to nucleotide metabolism, which is important for cellular 173 catabolism are significant. Along with long-term starvation and oxygen depletion, decreasing 174 amounts of nucleotides are associated with reduced cell activities and replication compared to 175 log-phase. Furthermore, alterations in other cellular components (e.g., proteins) might be 176 mainly responsible for cell wall maintenance, based on previous study 49 .
177
The specific spectrochemical alterations of P. fluorescens include Amide III (~1278 
Amide III
Ring base -
To identify exposure-induced alterations, the spectral data of each treatment group are between groups with increasing exposure time (from day 3 to day 12, Figure 3 ). Particularly,
216
the biochemical distances of tetracycline and binary groups are co-located, apparently 217 separated from the control group and markedly on day 12. However, the AgNP-treated 218 groups only show slight shifting of biochemical differences compared to the control group.
219
220
vanbaalenii are closer to tetracycline alone than AgNP. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 control group in the PCA-LDA score plots (Figure 3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 variance and attributed to differences in DNA, phospholipid-derived fatty acids and proteins.
300
301
Gram-positive bacteria (M. vanbaalenii, 14.9%), owing to higher cellular activities reflected 302 by significant variations in DNA, phospholipid-derived fatty acids and proteins.
303
The MRT results are consistent with PCA-LDA score plots (Figure 4) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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